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Background and Objectives: Dental caries is an
important healthcare challenge in adults over 65 years
of age. Integration of oral health screening into non-dental
primary care practice may improve access to preventive
dental care for vulnerable populations such as the elderly.
Such integration would require easy, fast, and accurate
early caries detection tools. Primary goal of this study was
to evaluate the diagnostic performance of optical coher-
ence tomography (OCT) imaging for detecting very early
caries in the elderly living in community-based settings.
The International Caries Detection and Assessment
System (ICDAS) served as gold standard. Secondary
goal of this study was to provide baseline prevalence data
of very early caries lesions in independent living adults
aged 65þ years.
Materials and Methods: Seventy-two subjects were
recruited from three sites in Southern California: a
retirement community, a senior health fair, and a
convalescent hospital. Clinical examination was per-
formed using the ICDAS visual criteria and this was
followed by OCT imaging. The two-dimensional OCT
images (B-scan) were analyzed with simple software.
Locations with a log of back-scattered light intensity
(BSLI) below 2.9 were scored as sound, and areas equaling
or exceeding 2.9 BSLI were considered carious. Diagnostic
performance of OCT imaging was compared with ICDAS
score.
Results: OCT-based diagnosis demonstrated very good
sensitivity (95.1%) and good specificity (85.8%). 54.7% of
dentate subjects had at least one tooth with very early
coronal caries.
Conclusions: Early coronal decay is prevalent in the
unrestored pits and fissures of coronal surfaces of teeth in
independent living adults aged 65þ years. Though OCT
imaging coupled with a simple diagnostic algorithm can
accurately detect areas of very early caries in community-
based settings, existing devices are expensive and notwell-
suited for use by non-dental health care providers. Simple,
inexpensive, fast, and accurate tools for early caries
detection by field health care providers working in non-
traditional settings are urgently needed to support inter-
professional dental health management. Lasers Surg.
Med. 47:683–688, 2015.  2015 Wiley Periodicals, Inc.
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INTRODUCTION
Although dental caries is largely preventable, it is
responsible for considerable morbidity in the elderly.
Dental decay leads to tooth loss, difficulty eating, increased
risk of diabetes, and reduced quality of life [1]. The 2011
Institute of Medicine Reports [2,3] call for increased
integration of oral health screening and prevention
interventions with primary health care to ensure better
health in vulnerable populations such as the elderly.
However, primary health care providers often lack
training in basic oral health screening. A simple, low-
cost, rapid tool that enables non-dental health professio-
nals to screen for andmonitor early non-cavitated caries in
the elderly is essential to preventing the many negative
sequellae of progressive cavitated dental caries.
Dental caries is a clinical challenge in adults over age 65
years [1,2]. Althoughcaries risk in older adults is influenced
by lifelong attributes such as sociodemographics, econom-
ics, and health-related behavior and attitudes, overall, the
risk of dental caries increases with aging, resulting from
factors such as side effects of medications and changes in
cognition and dexterity. The National Center for Health
Statistics reports that one out of five (19.6%)US adults over
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the age of 65 years has untreated coronal caries, and, if root
caries is included, theprevalence is considerablygreater [3].
Older adults experience 0.47–1.31 new carious surfaces per
year, compared with 0.8–1.4 in adolescents [4]. In non-frail
older adults, an average of 2.4 coronal surfaces become
carious in 3 years, as compared with 1.1 root surfaces
over the same period of time, with the latter often resulting
from partial denture wear [5,6]. The prevalence of
very early caries is not known. National statistics exclude
its manifestations, such as white spot lesions from
demineralization [7].
Very early dental caries can be arrested or even
reversed [8]. In one study, 96% of very early dental caries
was effectively treatedwith non-invasive interventions [9].
However, older adults often do not access routine dental
care, where simple preventivemeasures could be provided.
Even older adults who consistently seek medical care do
not engage in regular dental visits, nor do they typically
receive dental caries-preventive services (NHANES 1999–
2014) [10]. Integrating oral health into low-cost, commu-
nity-based primary health care programs for older adults
can provide an opportunity for basic oral exams to assess
and monitor early caries. Such exams could provide the
basis for prevention interventions, consequently reducing
future need for expensive and often arduous dental
treatment [11,12].
Detection of early lesions and monitoring early dental
caries for signs of progression can be challenging, even for
experienced dentists [13–15]. The limitations of radio-
graphs and clinical visual-tactile exams hamper detection
of the minimal enamel changes characteristic of early
caries progression or remineralization [16]. Emergent
dental caries assessment criteria such as the ICDAS can
augment the ability of health care providers to assess and
manage early caries [17,18]. However, its very finely
nuanced visual diagnostic criteria are not well-suited for
adoption by non-dental community health care providers,
and they cannot differentiate between arrested and active
stained lesions. Accurate ICDAS assessment requires a
highly developed synthesis of subtle visual cues on natural
teeth that are the result of changes in the refractive
index of the enamel surface. Excellent diagnostic sensiti-
vity and specificity are possible when used by highly
trained and standardized experts. It is, however, arduous,
time-consuming, and less accurate when utilized by
non-experts [19]. Histologic examination such as the
methodology proposed by Ekstrand is the gold standard
[20]; however, in the clinical situation, histologic exami-
nation clearly is not possible.
Optical coherence tomography (OCT) is a non-ionizing
tissue imaging modality based on reflectivity and phase
retardation by tissue surfaces. It has been used widely in
medicine and has demonstrated great promise in assessing
early caries [9,21–31], typically employing the near-
infrared wavelength of 1,310nm. Dentists and non-dental
health care providers alike would benefit from a quick,
simple,precise,andaccuratecariesassessmentmethod[14].
Previous papers describe the use of OCT for dental caries
detection [32–40]; however, to the best of our knowledge,
there exist no studies that describe the use of OCT imaging
to screen for caries in adults over 65 years of age.
The primary goal of this study was to evaluate the use of
OCT imaging to detect early coronal caries. As the latest
version of ICDAS, the ICDAS-II, is the most accurate
clinical visual method currently available for this purpose,
it was used as the primary measure for early decay. The
secondary goal of this study was to provide baseline
prevalence data of very early coronal caries lesions in
independent living older adults aged 65þ years.
MATERIALS AND METHODS
This project was performed in full compliance with UCI
protocol HS# 2011-8471 and UCLA IRB Reliance #365.
Protocol
Seventy-two subjects were recruited from three sites in
Southern California: a retirement community, a senior
health fair, and a convalescent hospital. Examiners
completed the online ICDAS training (available at www.
icdas.org/icdas-e-learning-course). At the retirement com-
munity, advertisements describing the study were placed
in the community newspaper. Clinical examination and
data collection took place on portable dental chairs in a
recreational room. In the second cohort of subjects,
participants undergoing a dental screening at a senior
health fair were invited to participate in this study.
Clinical examination and data collectionwere conducted in
dental cubicles at a local dental hygiene school. The third
cohort consisted of subjects at a convalescent hospital.
These were otherwise independently living adults who
were temporarily recovering from a medical procedure.
Subjects were expected to return to independent living
within days of our survey. After description of the study,
individuals interested in participating were consented and
then examined in their rooms.
A secondary goal of this study was to determine the
prevalence of very early coronal caries in a more general-
ized population of older adults. For this reason edentulous
individuals were not excluded at any of the sites. ICDAS-II
requires teeth to be dry and clean; therefore, teeth in
dentate individuals were dry-brushed in a standardized
fashion to loosen debris, wiped with moistened cotton-
tipped swabs, dried with cotton gauze, and then examined.
Tooth presence, visible decay, and size of cavitation were
determined visually and recorded on a scale of 0–6 using
the ICDAS-II system [41]. Teeth that showed no evidence
of change in the enamel of the occlusal surface were
considered sound and given an ICDAS-II score of 0. Minor
white or brown discoloration at the entrance to occlusal
pits/fissures that was visible only after drying the teeth
was recorded as an ICDAS-II score of 1. Distinct white or
brown discoloration at the entrance to occlusal pits/
fissures that was visible prior to drying the teeth was
given an ICDAS-II score of 2. Visible signs of enamel
breakdown without dentinal involvement were given an
ICDAS-II score of 3; signs of enamel breakdown with
dentinal involvement including rank decay were given an
ICDAS-II score of 4þ. Procedures were performed by a
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dentist with a head mounted light but without magnifica-
tion. When one or more teeth scored as an ICDAS score of
“1” or greater, photographs of areas of interest were
recorded using a wireless intraoral camera (Daryou
Instrument Ltd, Ontario, Canada MD950AUW).
Next, OCT images were acquired of no more than four of
the highest and two of the lowest ICDAS scored areas of
interest. Imaging was performedwith a NirisR OCT system
(Imalux, Cleveland, OH), a portable time-domain OCT
system that uses low-coherent broadband light in the near
infrared range. The central wavelength is 1,310nm with a
bandwidth of 70nm. This system provides real-time images
of 200200 pixels with a maximum frame rate of 0.7HZ.
The spatial depth resolution of the system is10–20mm,with
a depth scanning range of 2–3mm in tissues. The lateral
resolution is 25mm, with a lateral scanning range of
1.5–2.5mm. The device uses a 2.7mm flexible fiber optic
probe with sterile disposable sheath for real-time imaging.
Photographs were immediately downloaded to a dedi-
cated study computer, and OCT scan lines marked
electronically using Photoshop software to provide an
accurate record of imaging location. Between subjects, the
intra-oral camera was decontaminated using hospital
grade decontamination wipes and a new impermeable,
sterile disposable sheathwas fitted over the imaging probe.
OCT Image Analysis
The two-dimensional OCT images (B-scan) were ana-
lyzed using Image J software (http://imagej.nih.gov/ij/).
Measurement parameter was back scattered light intensi-
ty, i.e., intensity of the light signal returning from the
sample onto the probe detector. An upper intensity
thresholding of 2.9 was used to create the desired mask.
Locations with a log of back-scattered light intensity
(BSLI) below 2.9 were scored as sound (S), and areas
equaling or exceeding 2.9 were considered to be decayed
(D). This cut-off pointwas chosen based on a previous study
which had identified this cut-off point to differentiate
between very early decay (ICDAS-1) and sound tooth
substance (ICDAS 0) [29].
Data Analysis
Descriptive analyses were conducted using IBM SPSS
(Version 22) to describe study population (gender, age, and
race) and tooth characteristics (missing, decayed, restored
tooth). Prevalence of decay, sensitivity, and specificity, by
OCT versus Gold Standard (ICDAS-II) were determined.
RESULTS
Sample Description
A total of 72 subjects were recruited. The sample was
63.9% female; 55.6% of subjects were between the ages of
65–74 years (the remainder were older), and 75.0% were
white (Table 1). In 25% of subjects (n¼ 18) no teeth were
scored by ICDAS or OCT as subjects were edentulous
(11.1%, n¼8) or had no unrestored coronal pits/fissures
(13.9%) and, therefore, no areas suitable for imaging.
Almost half (44%) of unrestored posterior teeth in our
population demonstrated signs of early dental caries
(ICDAS 1-3), most of which were ICDAS 1 (Fig. 1).
Comparison of OCT-Based Diagnosis and ICDAS
OCT-based diagnosis demonstrated very good sensitivi-
ty (97/102¼95.1%) for correctly identifying early decayed
teeth (ICDAS 1þ ICDAS 2) and good specificity (91/
106¼85.8%) for correctly identifying sound teeth (Table 2).
A total of 106 teeth that were clinically scored as sound
(ICDAS 0) were imaged using OCT. Eighty-six percent
(n¼ 91) were correctly classified as healthy by OCT
imaging, and 15 teeth were classified as decayed using
OCT data (Fig. 3). A total of 71 teeth were scored as very
early caries (ICDAS 1). Ninety-four percent (n¼ 67) were
correctly classified by OCT evaluation as decayed and four
were classified as sound based on OCT data. An ROC curve
TABLE 1. Description of Subject Population
Site 1 Site 2 Site 3 Total
N % N % N % N %
Gender
F 15 62.5 31 73.8 0 0.0 46 63.9
M 9 37.5 11 26.2 6 100.0 26 36.1
Total 24 100.0 42 100.0 6 100.0 72 100.0
Age
65–74 24 100.0 11 26.2 5 83.3 40 55.6
75þ 0 0.0 31 73.8 1 16.7 32 44.4
Total 24 100.0 42 100.0 6 100.0 72 100.0
Race/ethnicity
Asian 1 4.2 1 2.4 3 50.0 5 6.9
Black 0 0.0 3 7.1 0 0.0 3 4.2
Hispanic 0 0.0 0 0.0 1 16.7 1 1.4
Other 0 0.0 9 21.4 0 0.0 9 12.5
White 23 95.8 29 69.0 2 33.3 54 75.0
Total 24 100.0 42 100.0 6 100.0 72 100.0
Site 1: a retirement community, Site 2: a convalescent hospital,
Site 3: a senior health fair.
Fig. 1. Mean proportion of decayed teeth per subject, adjusted to
number of teeth scored.
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(Fig. 2) demonstrates that OCT assessment demonstrated
good sensitivity, but specificity varied depending on how
tooth decay was defined. This is consistent with a cut-off
point separating sound and decayed teeth (Fig. 3).
DISCUSSION
Integration of dental cariesmanagement into non-dental
primary care practice requires easy, fast, and accurate
early caries detection tools as an alternative to the current
standard visual-tactile exam. It is particularly important to
be able to identify areas of early caries (ICDAS1 and 2) that
may benefit from caries prevention strategies (e.g., fluoride
application and dental sealants) to arrest or reverse caries
progression; and to detect the non-visible changes indicate
caries progression. Caries detection methods such as
radiographs, fiber-optic transillumination (FOTI), fluores-
cence-based methods (DIAGNOdent), and electrical con-
ductivity lack adequate specificity for enamel lesions [16]
and can lead to falsepositivesaswell as over treatment [13].
Cone-beam computer tomograms offer good sensitivity for
early occlusal and interproximal lesions [42] but expose
patients to ionizing radiationandare expensive [43]. In this
study, an OCT-imaging approach demonstrated good
accuracy with very good sensitivity and good specificity
for demineralization (early caries), even in non-traditional
dental settings (a recreational room at a community center
andpatient rooms at a convalescent center)when ICDAS-II
was used as the gold standard.
Simple diagnostic modalities that provide direct guid-
ance with regard to triage and follow-up needs would
greatly enhance the potential for successful community-
based dental caries screening and prevention interven-
tions in the elderly. Moreover, they would permit evalua-
tion and comparison of the preventive efficacy of diverse
approaches. This is particularly important as effective
dental caries preventive strategies for older adults
have not yet been definitively established [1,14,15,44–51].
Such modalities could then be integrated into eHealth
systems to monitor at risk areas for changes, identify the
effectiveness of non-invasive dental caries preventive
interventions, and support collaborative efforts between
non-dental and dental health professionals to facilitate
dental decay management
Early decay is highly prevalent on the coronal surfaces of
teeth in independent living adults aged 65þ years. Our
sample had a higher prevalence of edentulousness (11.1%)
than the national average (5%) and a higher prevalence of
untreated tooth decay [52]. More than 48.6% of our sample
population evidenced at least one posterior tooth surface
with early decay (ICDAS1–3). Nationally, 17.07%of adults
65–74 years are reported to have untreated tooth decay
and 19.52% of adults 75þ years [52]. This disparity likely
reflects the fact that the national survey (NHANES) does
not record very early caries, whereas this parameter was
the primary target of our study. In our sample, 54.7% of
dentate subjects had at least one tooth with very early
caries (ICDAS 1), though many of these lesions were
stained, leaving the lesion activity status undefined. A
limitation of this study was the lack of air-drying of
subjects’ teeth, which might affect the ability of ICDAS
criteria to detect early white (and thus likely active)
ICDAS 1 lesions. Stained and brown occlusal ICDAS 1
lesions may be arrested. Stained lesions may become
active if the oral environment changes associated with
aging (e.g., medication-induced xerostomia, reduced man-
ual dexterity, difficulty chewing, and swallowing). If these
lesions are detected early, integration of non-invasive
caries management strategies such as dietary and
behavioral counseling (avoidance of cariogenic beverages
and foods), topical fluoride (fluoridated water, toothpaste,
mouthrinse, gels, and varnish), and/or dental sealantsmay
be able to prevent these very early lesions fromprogressing
to the stagewhere surgical excision and tissue replacement
are necessary. Such early interventions can greatly reduce
TABLE 2. OCT Diagnosis Versus ICDAS-II Score by Individual Teeth (Includes Only OCT-Imaged Teeth)
ICDAS Score
0 (Sound) 1 (Very early decay) 2 (Early decay) 3 (Enamel decay) 4þ (Dentinal decay) Total
OCT % (n) % (n) % (n) % (n) % (n) % (n)
Healthy 85.8 (91) 5.6 (4) 3.8 (1) 0 (0) 0 (0) 43.0 (96)
Decayed 14.2 (15) 94.4 (67) 96.2 (25) 100.0 (17) 100.0 (3) 57.0 (127)
Total 100.0 (106) 100.0 (71) 100.0 (26) 100.0 (17) 100.0 (3) 100.0 (223)
Fig. 2. ROC curve comparing ICDAS and OCT-based diagnosis.
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health care trauma, time, and cost. Moreover, the pro-
vision of invasive dental treatment such as restorations,
crowns, endodontic therapy, and extractions for older
adults can be particularly difficult due to diminished
function, financial limitations, psychological and biological
status, and transportation or access barriers [53].
In this study, an OCT -imaging based approach was
evaluated for its potential usefulness in screening for early
caries in non-traditional dental settings. Diagnostic
accuracy was very good. However, currently available
OCT devices tend to be too costly and cumbersome for
routine use in a community-based setting, and specific
caries-diagnostic software remains unavailable to the best
of our knowledge. Additionally, the OCT probe sheath’s
length and inflexibility make it difficult to examine all the
dental surfaces that clinicians may need to assess. Thus,
although this study has demonstrated an urgent need for
effective community-based caries screening in the elderly,
the good performance of the OCT modality tested is offset
by the lack of clinic-ready instrumentation. Hopefully,
technological advances will serve to overcome these
barriers in the near future. Improved identification of
early caries lesions should not result in over treatment any
more than any other form of diagnosis when it is used
correctly. Rather, it should provide clinicianswith ameans
of implementing non-invasive preventive interventions
before permanent damage has occurred and permit
monitoring of measures to arrest caries.
CONCLUSION
Early decay is prevalent in the unrestored pits and
fissures of coronal surfaces of teeth in independent living
adults aged 65þ years. Integration of oral health screening
and prevention interventions with health care is key to
improving oral health in the elderly. OCT imaging coupled
with a simple diagnostic algorithm can accurately detect
areas of very early caries. This ability could provide a
means of identifying prevention intervention needs,
facilitating the provision of successful preventive care
(fluoride gels and varnishes) in the elderly. Effective
prevention would combat lesion progression and reduce
the need for invasive restorative measures. Only evidence
of lesion progression during subsequent follow-up events
would indicate the need for a dental referral. Thus, OCT
technologies have the potential for improving screening
and prevention capabilities for dental decay. However,
existing OCT devices are expensive, bulky, and not well
suited for use by non-dental health care providers. Simple,
inexpensive, fast, and accurate tools for early caries
detection by field health care providers working in non-
traditional settings are urgently needed to improve dental
health management in independent, non-frail elderly.
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